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A METHOD or REDUCING HYDBOGEM HALIDE(S) CONTENT IN SYNTHESIS GM 

The invention relate, to • -ethod for reducing hydrogen 
helideC) content, in p.rticul.r hydrogen chloride content, of . 

•ynthesis gaa etreMi. 

The ccmbuetion of a crboneoeou. Mteriel .uch . .olid 
crboneceou. fuel by reaction with a .ource of ga.eou. oxygen i. 
well knovm. In -uch a reaction, an .«,unt of air or oxygen equal to 
or greater than that required for complete conbu.tion 1. u.ed, 
whereby the ga.eou. effluent contain, carbon dioxide with little, if 
any. carbon monoxide. It i. al.o known to carry out the 
g..ifiction or partial oxidation of .olid carbonaceou. ..terial. or 
fuel, employing a limited quantity of oxygen or air .o a. to produce 
prinarily carbon monoxide and hydrogen. 

Fuel .ource., in p.rticul.r coal., often have an unde.irabl. 
halideC) content. The halogen, in the halid... in particular 
chlorine in chloride, and fluorine in fluoride., form acid, in the 
.ynthesis qa« mixture which can cau.e .evere corro.ion in the 
down.tream proc.in, equipment. The halide. al.o po.e 
«.viron«ent.l and ..fety hazard, if emitted to the atmo.phere. 

Another problem cu.ed by the halide. i. reduced efficiency of 
the ga.ification proce... Condenaation of .one .alt. in the 
.ynthe.i. ga. during cooling limit, the overall efficiency of the 
heat recovery from the .ynthe.i. ga.. Thi. limitation in heat 
recovery occur, becau.e .o»e moderate .ublimation t-i^erature .alt., 
.uch a. aimnonium chloride, are very corro.lve when permitted to 
conden.e. Thu.. to avoid having the .alt. conden.e. the .ynthe.i. 
ga. cannot be cooled below the .ublimation t-nperature of variou. 
..It.. Since the temperature to which the .ynthe.i. ga. may be 
cooled ii thu. limited, the heat recovery fro. the ga. ii 
accordingly limited. In particular, chlorine-containing .alt. are 
formed due to the pre.ence of HCl, By removing HCl from the 
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.ynth..i. .... foxn-tion ot .uch ..U, in the ..re., i. reduced 

or .liioinated and the ,as can be cooled further tc pennit «ore 

thermal recovery. 

A prior known method of removing HCl is by . wet absorption 
.y.te«. in thi. known method the aynthe.i. g«. must be cooled and 
p.„ed through an aqueous absorption colun.. The HCl i. absorbed in 
the water and neutralized with H.OH. This n^thod ha. drawback, 
.ince cooling the gas to r.„«ve the HCl is inefficient and result, 
in heat/energy lo... Also, additional equipment cost, and 
„intenance co.t. re.ult from the addition of an ab.orption column 
to the proce.s. Economic drawbacks also result from the need for a 
urge water treatment plant due to a build-up of salts in the water 
from the absorption column. 

It is known from U.S. Patent Specification No. 5,118,480 to add 
^tal-containing compounds such as nahcolite to a synthesis gas 
downstream of the gasifier to remove HCl in conjunction with 
removing sulphur with a metal oxide sorbent. However, thi. proces. 
fails to address the problem of high expense associated with long 
piping necessary to have sufficient residence time for complete 

20 reaction. 

It is therefor, an object of the present invention to provxde a 
practical and economical dry method of reducing the hydrogen 
halide.s) content of synthesis gas, without the high expense of long 

piping. ^ 

The invention provides a method for reducing the hydrogen 
halide,.) content of a synthesis gas stream comprising the step, of: 
gasifying a carbonaceous feed material in a gasifier under 
gasifying conditions thereby producing a gas/solids mixture 
co»,,rising hydrogen, carbon monoxide, one or more hydrogen 
halides, and fly slag particles; 

passing the said gas/solids mixture to a solids removal zone 
wherein at least a portion of the fly slag particles are 
removed, thereby producing a g«» 't"*™-- 

admixing with the said gas stream obtained in step (b) at lea.t 
an alkali metal compound, thereby producing an alkali metal 


(a) 


(b) 


(c) 
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compound/ gas mixture; 
,d) passing the ..id .IK.U -tal con^ound/ga. ndxtur. cbt.in.d in 
.tep (c) to a means for increasing the contact time between the 
hydrogen halide(s> and the alkali ».tal compound(») or their 
thermal decomposition products; 
,e, reacting the alk.li metal co:rpound(s) or thermal decomposition 
products thereof, with the hydrogen halide(s, thereby producing 
.olid alkali metal halide(s), wherein a cake of solids builds 
up on the surface of the said means for increasing the contact 
time between the hydrogen halide<s) and the alkali metal 
compound(s) or their thermal decomposition products; 
,f» periodically rerr^ving at least a portion of the cake of solids; 
and 

recovering from the said means for increasing the contact time 
between the hydrogen halide.s, and the alkali metal compound(s, 
or their thermal decomposition products a gas stream 
substantially free of hydrogen halide(s). 

The invention will now be described in more detail by way o£ 
example by reference to specific process aspect, thereof. 
A .-.>^c .Ikali n..^:.^ compounds an<i Mixture Thereof 

several types of carbonaceous materials are suitable as feed 
.ources for gasification. These include bituminous coal, sub- 
.ituminous coal, anthracite coal, lignite, liquid hydrocarbons 
petroleum coke, various organic scrap materials, municipal refuse, 
.olid organic refuse contaminated with radioactive materials, paper 
industry refuse, and photographic scrap. Coal and petroleum coke 
are considered advantageous feeds. 

The alkali metal compounds include for example potassium oxide, 
potassium hydroxide, potassium bicarbonate, potassium carbonate, 
.odium oxide, sodium hydroxide, sodium bicarbonate, and sodium 
carbonate. N.hcolite. a naturally occurring form of sodium 
bicarbonate, is advantageously applied for its economy and 
availability- The alkali metal compounds are optionally used 
individually or in combination. 

The alkali metal confounds are mixed with the synthesis gas 
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.ft.t the .ynthesis gas leaves the gasifier. Advantageously, an 
entrained flow gasifier is applied. The alkali ».tal compound is 
injected, advantageously dry, into the synthesis gas .tream in any 
way suitable for the purpose. It is transported pneun«tic.lly in 
nitrogen or carbon dioxide or in any other conventional dry feed 
manner. Advantageously, at least a portion of the sensible heat of 
the synthesis gas is recovered prior to adding the aUcali «.t.l 
compound. More in particular, the synthesis gas passes through a 
first heat recovery zone, a solids removal zone, then a second heat 
recovery zone, and then the aUcali metal compound is injected into 
the gas stream recovered from the second heat recovery zone. 

The solids removal stage is advantageously a cyclone or ceramic 
candle filter, used individually or in combination. An 
electrostatic precipitator is optionally used where the system 
pressure is at or near atmospheric. Advantageously, the maximum 
«„ount of sensible heat is recovered which does not reduce the 
temperature of the synthesis gas below the condensation point of any 
chloride compounds present in the synthesis gas. Such condensation 
results in equipment corrosion problems. 
B. Reaction. Cooling, and S olids Removal 

By way of example reference will in particular be made to the 
dry removal of hydrogen chloride from synthesis gas. However, it 
will be appreciated by those skilled in the art that the method of 
the invention is also applicable for removal of other hydrogen 
halide (s) from synthesis gas. 

After the alkali metal compound is injected it will react with 
the halogen e.g. chlorine in the hydrogen halide e.g. hydrogen 
chloride to form a solid salt. The alkali metal compound either 
reacts directly with the hydrogen halide or the alkali ««t.l 
compound may first thermally decompose prior to such reaction. 
Where the alkali metal confound is a sodium compound, e.g.. sodium 
bicarbonate, sodium halide is formed. The resulting alkali metal 

halide is a solid. 

The solid-salt-containing synthesis gas stream then passe, to a 
means for increasing the contact time between the hydrogen halideC) 
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.„d the .Ikali compound(.) e.g. . <cer«nic candl.) filter. 

Additionally, »«ch of the reaction between the .Dcali »«tal con,>ound 
.nd the hydrogen halide occurs on the upstream surface of the 
(ceramic candle) filter. This is because the residence time between 
the point of alkali metal compound injection and the filter will 
typically be too short for complete reaction. Extension of the 
pathway to increase the residence time would be uneconomical. 

A cake of salt solids builds up on the surface of the (ceramic 
candle) filter. For the synthesis gas to get through the cake to 
exit the filter, it must travel a convoluted pathway through the 
solids cake. Thus, the contact time between the hydrogen halide(s) 
and the alkali metal compound (s) or their thermal decomposition 
product, is increased to provide a longer effective residence time 
without the uneconomical expense of lengthening the piping. 

The synthesis gas recovered from the (ceramic candle) filter 
ha. reduced amounts of hydrogen halides, e.g. hydrogen chloride, and 
is advantageously substantially free of hydrogen halides, e.g. 
hydrogen chloride. Advantageously, the synthesis gas is then passed 
to a third heat recovery zone, to maximize sensible heat recovery 
before passing the synthesis g.s to any wet cleanup units, such as a 
sulphur removal scrubbing unit. 

C. r.nr,.nrrations r,f Halides. Ratios, and Percent Removal 

in the reducing atmosphere and elevated temperature, of the 
gasifier, a halide such as chloride in the coal evolves into 
hydrogen chloride. The initial concentration, of hydrogen chloride 
and other hydrogen halides in the synthesis gas vary widely with the 
type and source of the feed to the gasifier. Chloride 
concentrations in coal range from about 0.01% by weight chlorine to 
.bout 0.35% by weight chlorine. Other halide concentration, in coal 
are typically much lower than chloride concentrations. 

At least a stoichiometric amount of alkali metal compound, must 
be mixed with the .ynthe.is ga. with respect to the halide 
concentration in the synthesis g.s. Advantageously, one to three 
times the stoichiometric ratio i. used of alkali metal confound, to 
halides such as chlorides. Thi. a..ure. a high degree of removal of 
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the chlorides. More th.n .bout three times the stoichiometric ratio 
is wasteful of alkali metal coirpounds and makes the process 
uneconomical without any apparent benefit. 

From about 95% by weight to about 99% by weight of the halides 
•uch as chlorides, are removed in the practice of this method. For 
.XMJ^I; the synthesis gas will initially contain from about 10 ppm 
by volume (ppmv) to about 1000 ppmv chloride where the feed is coal. 
After gasification and reaction and solids removal of the metal 
halides. the concentration of chloride in the synthesis gas is from 
about 0.1 ppmv to about 5 ppnv. 
D. Operating Conditions 

The gasifier is advantageously an entrained flow gasifier and 
is operated at gasifying conditions. These conditions are known to 
an expert and may vary from feed to feed. The temperature is a 
temperature high enough to gasify a substantial portion of the 
carbonaceous feed and to prevent the formation of undesirable side- 
products, such as tars and phenols and other aromatlcs. Typical 
temperature, in the gasifier are from about UOO'C to about 2000«C. 
Where the. feed is coal, the gasifier tenp«ature is advantageously 
from about 1450»C to about 1575«C. More in particular, the 
temperature i. from about H75«C to about 1510«C. The pressure of the 
gasifier is from about 14 bar to about 42 bar. Wvant.geously, the 
pressure is from about 21 bar to about 31.5 bar. 

At the point of injection of the alkali metal compound the 
synthesis gas temperature is above the point at which any corrosive 
ammonium halide compounds, such as ammonium chlorides, will 
condense. This temperature varies with the type and concentration 
of halide compound. This is typically at least about 150 'C. The 
temperature at the point of injection, however, is advantageously 
not above the condensation point of sodium chloride. This is 
typically below about 670 'C. This limitation is necessary since 
.odium chloride must be a solid to be removed by the (ceramic 
candle) filter. It is not essential, however, that the temperature 
at the point of injection be above the point of condensation of 
.odium chloride, .o long a, the mixture reache. this temperature 
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prior to reaching the upstream .urface of the (cer«nic candle) 
filter. Advantageously, the tenperature of the synthesis gas stream 
.t the point of alkali metal compound injection is from about 180 'C 
to about 370 -C, more in particular from about 230 "C to about 
260 'C. 

various modifications of the present invention will become 
apparent to those skilled in the art from the foregoing description, 
such modifications are intended to fall within the scope of the 
appended claims. 
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CLAIMS 


1. 


A inethod for reducing th. hydrogen h.lide(i) content of a 
ayntheaia gaa atream conpriaing the atepa of: 

(.) ga.ifying a carbonaceous feed material in a ga.ifier under 
gasifying conditions thereby producing a ga./.olid. adxture 
con^rising hydrogen, carbon monoxide, one or .ore hydrogen 
halidea, and fly slag particles; 

,b) pasaing the said ga./.olid. mixture to a solids removal rone 
wherein at leaat a portion of said fly .l.« pertides are 
removed, thereby producing a gas stream; 

(c) admixing with the said gas stream obtained in step (b) at least 
an alkali metal compound, thereby producing an alkali metal 
ean^>ound/gas mixture; 

(d) passing the said alkali metal coB^ound/gas mixture obtained in 
step (c) to a means for increasing the contact time between the 
said hydrogen halideCs) and the said alkali metal compound(s) 
or their thermal decomposition products; 

(e) reacting said alkali metal eompound(s), or thermal 
decomposition products thereof, with said hydrogen halide(s) 
thereby producing .olid alkali metal h.lideC), wherein a cake 
of solids build, up on the surface of the .aid means for 
increasing the contact time between the said hydrogen halide(s) 
and the said alkali metal coapound(s) or their thermal 
deconposition products; 

,f) periodically removing at least a portion of said cake of 

solids? and 

recovering from the said -ana for increasing the contact time 
between the said hydrogen halide(s) and the said alkali metal 
compound(s) or their thermal decomposition products a gas 
.tream substantially free of hydrogen halide(s). 

2. The method a. claimed in claim 1 wherein the carbonaceous feed 

material is coal or petroleum coke. 
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The method aa claimed in claim 2. wherein the carbon.ceou, feed 
material is bituminous coal or sub-bituminous coal. 

4 The method as claimed in any one of claims 1-3. wherein the 
.^unt of alRali metal compound.., admixed with the effluent of said 
.olid3 removal xone is at least a stoichiometric «»ount of alkali 
.^tal compounds with respect to the hydrogen h.lide(s) content of 
th« synthesis gas. 

5 The method a. claimed in claim 4, wherein the amount of alkali 
«t.l compound(s) admixed with the effluent of said solids removal 
zone is not more than about 3 times the stoichiometric amount of 
alkali metal compounds with respect to the hydrogen halid.O 
content of the synthesis gas. 

6. The method as claimed in any one of claim. 1-5. wherein said 
.dmixing step <c, consist, essentially of injecting .aid alkali 
.«tal compound into said effluent of said solids removal xone. 

7 The method as claimed in any one of claim, 1-6. wherein in 
admixing step (C the said alkali metal compound is dry at the poxnt 
of admixture. 

8 The method as claimed in any one of claim, 1-7. wherein at 
l...t a portion of the sensible heat of the gas/solid, mixture is 
recovered prior to adding the alkali metal compound. 

9. The method a. claimed in claim 8, wherein the gas/solid, 
i^xture is passed through a first heat recovery xone, a solid. 
r«.ov.l zone, then a .econd heat recovery xone, and then the alkaU 
^tal compound is injected into the gas stream recovered from the 
second heat recovery xone. 

10. The method according to any one of claim. 1-9. wherein the 
temperature in the gasifier is from about llOQ-C to about 2000-C. 
n. The method according to any one of claims 1-10, wherein the 
pressure in the gasifier is from about 14 bar to about 42 bar. 

12. The method as claimed in any on. of claims 1-11, wherein the 
..id means for increasing the contact time is a filter. 

13. The method as claimed in claim 12. wherein the filter i. a 
ceramic candle filter. 

14. The method as claimed in any one of claims 1-13, wherein the 
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alkali metal compound coaipriaes at least one oxide, hydroxide, 
bicarbonate or carbonate of an alkali metal. 

15. The method am claimed in any one of claim* 1-14, wherein the 
alkali metal i» • odium or potassium. 

16. The method as claimed in any one of claims 1-15, wherein the 
substantially hydrogen-halide-free gas stream is passed to a thir 
heat recovery xone wherein a portion of the sensible heat of the 
said substantially hydrogen-halide-f ree 9«« «tream is recovered. 


INTERNATIONAL SEARCH REPORT 


PCT/EP 94/03699 


A. CLASSIFICATION OF SUBJECT MAJTCR 

IPCS ClOKl/20 B01D53/68 


AccordiM to InlBMtonil F^ Q«»Bc Mioi. nPO or «o bolh M<otul ctoHtott<«. «nd IPC 


IPC 6 BOID ClOK 


iyHbalf) 


DocuRtcnMicn 


ElMBoatc data buc cooMlltd teiDt< 


! rt«ni««mil (niw of d»u hMt »*«« pne**^. ""^ 


C DOCDMEKTS CONSIDERED TO BE RELEVA>fT 


CaklBiy* 
Y 

A 


auto of docM»i«, •«» li>«c«ioiu wh« ipiiKVn**. <rf <l» "l*^ P*"^ 

GB k.Z 106 532 (VEREINIGTE 
EliKTRIZITATSWERKE WESTFALEN AG) 13 April 
1983 

see page 2, line 90 - line 110; claims 
1-8; figure 1 

EP.A.O 468 540 (THE BABCOCK & WILCOX 
COMPANY) 29 January 1992 
see the whole document 

EP A 0 463 367 (GENERAL ELECTRIC 
ENVIRONMENTAL SERVICES) 2 January 1992 
cited in the application 
see claims 1-16 


1.7,12. 
14,15 

2,3,5,8, 
9 


1,7,12, 
14 


15 


aie btted HI ^ ooninulioa of box C 


0 


PatnttaUyi 


itfvliMidiBi 


Spcdal€Mttori«ordi»d< 

A' doettBartaefcun|t»«|e»l«*"o' ********** '•'^ 
CQMdml to be Sr p««cd» ttlei^ 

^Sh^dtodtoeiuWWilhepuhbcalio^ 
dttkoQ or otter q)COAlrttB(»i(H ^ficd) 

•P- aociMneiRpiiittAcd prior to the^^ 


orphoritydilc 


It mM*«d ilte ttc tMMflioBil lUtef date 
'IrS not m confcct iwtt iht ^T^cgyjit 
rMd tiK Drifidiic or *eary UDbcriyng ttc 


*1C' doeuBMBC of ptnMir itl«vtBM; ttc ^ 

invD»v< an i»«no»« aip •hen *« *>a»cnt H ttkn 


motfs. Mch comtuwiioii betas oftmoul to & ptfion 
totttat. 

toiMit— nMrofdwto»tpii«tla«>ly 


Dgteoftbc.cttitlco«|<frtaBOftt*tiiM™iiOMl«e«tfc 

7 February 1995 

Nnie Mid maiUat addrw oflbe QA 

EmMu PaamtOmce, PJ. ttll PtMUaa 2 

Td. 340-2040, Tx. Jl *5I tpo Bl, 


I>ite of in«ta| of tte ioimiaMiiil «in* rn»oft 

23.0195 

Auduriicd officv 

Cubas Alcaraz, J 

page 1 of 2 


INTERNATIONAL SEARCH REPORT 


femmtioiM. Appfkaioft No 

PCT/EP 94/03699 


CCCotttuHUtioa) DOCUMENTS CONSIDERED TO BE RELEVANT 


CAltffory* 


Qtekosof docwDCiit, with indie*b<m, where ippropfUii. of m« rrtevMit pi 


EP.A.O 573 209 (FOSECO IKTERMATIONAL 
LIMITED) 8 Deceabep 1993 
see the whole docuaent 

EP.A.O 314 253 (SHELL INTERNATIONAL 
RESEARCH MAATSCHAPPIJ) 3 May 1989 


1,6,7. 
12.13 


1.10-13 


page 2 of 2 


INTERNATIONAL SEARCH REPORT 


hmnMiMMU ippikatton No 

PCT/EP 94/03699 


Pttcnt document 
died in tearch report 


Publiealion 
date 


Patent runily 
1i) 


^bUcMion 


GB-A-2106532 


13-04-83 


DE-A- 
JP-C- 
JP-A- 
JP-B- 
US-A- 


3137812 
1442135 
58067323 
62048527 
4472363 


31-03-83 
30-05-88 
21-04-83 
14-10-87 
18-09-84 


EP-A-0468540 


29-01-92 


US-A- 

CA-A- 

DE-D- 

OE-A- 

EP-A.B 

ES-T- 

JP-C- 

OP-B- 

JP-A- 


4793981 
1273474 
3750750 
3780411 
0268353 
2063424 
1726923 
4005486 
63130125 


27-12-88 
04-09-90 
15-12-94 
20-08-92 
25-05-88 

01- 01-95 
19-01-93 
31-01-92 

02- 06-88 


EP-A-0463367 


02-01-92 


US-A- 


5118480 


EP-A-0573209 


08-12-93 


EP-A-0314253 


03-05-89 


NONE 

US-A- 
AU-B- 
AU-A- 
CA-A- 
DE-A- 
JP-A- 


4865627 
606761 
2448788 
1315710 
3877325 
1148323 


02-06-92 


12-09-89 
14-02-91 
04-05-89 
06-04-93 
18-02-93 
09-06-89 


